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Abstract 
The process used, at the National Industrial Gases Company N.I.G.C. Annaba (Algeria) for the manufacture of 
acetylene consists of reacting the calcium carbide with the water in excess. Such a process necessarily leads to the 
parallel production of lime slurries in the form of sludge. The amount of this by-product, considered as industrial 
waste, increasing from one day to another. This residue, with no commercial value, poses landfill or long-term 
storage problems. This rejection, highly alkaline, has led to disasters affecting the soil, water, wildlife, plants and 
even animals. These observations led us to valorize this by-product in protecting the environment, especially in water 
treatment. The generalization of the use of this by-product in water treatment would provide a very large market and 
allow simultaneous dual action favorable to the environment: the elimination of waste and water treatment. The main 
objective of this study is to devaluate the performances of the residual lime, by-product of the manufacture of 
acetylene, up to level of removal of suspended solids and removal of organic matter from the wastewater of the dairy 
"EDOUGH". The tests of process showed that the coagulant used would reduce: the suspended solids (LSS), organic 
matter, nitrogenous and phosphated compounds, with an abatement of 92% of LSS and 83% of PT, which guarantees 
the respect Algerian standards for these two parameters.
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
Keywords : coagulation-flocculation, lime, organic matter, treatment of the dairy wastewater, pollution. 
* R. Ayeche. Tel.: +213 35 66 65 18 ; +213 7 77 10 20 81; fax : +213 35 66 65 21. 
E-mail address: aycheraid@yahoo.fr. 
Available online at www.sciencedirect.com
12 Published by Elsevier Ltd. Selection a d/or peer review under responsibility of The TerraGreen Society.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
148   Riad Ayeche /  Energy Procedia  18 ( 2012 )  147 – 156 
Nomenclature 
LSS : Total Suspended Solids 
COD : Chemical Oxygen Demand 
BOD5 : Biological Oxygen Demand during 5 days  
Shortcuts: 
NIGC : National Industrial Gases Company 
SIDER : Public group of siderurgy 
EDOUGH : industrial group of milk production 
1. Introduction 
The dairy "EDOUGH" like all the food industry uses a lot of water for the production of milk and its 
derivatives as well as for cleaning and disinfection. The contribution of water from the dam is no longer 
sufficient to growing water needs of that unit. This is even more disturbing when one considers that much 
of this water ends up in wastewater not reused, which can cause pollution harmful to the receiving 
environment. 
The plant works in three shifts of 8 hours throughout the year, is supplied with drinking water at a 
rate of 632 m3/day, which gives a ratio liter of water consumed per liter of milk treated equal to 2.9. Much 
of this water (85%) is returned as wastewater directly discharged into the municipal sewerage system 
without any treatment. A study conducted previously in our laboratory on the degree of pollution of 
wastewater from the dairy, showed an obvious pollution. In this case the treatment of these waters is 
necessary to preserve the natural environment [1-6]. 
There is, at present the treatment system adapted to release small food industries. These production 
units generate concentrated effluents [7, 8]. 
The techniques can be adapted to different situations encountered. For dairy manure, it was 
discovered that he was very effective to use a treatment that eliminates most of the pollution load, what 
thus making it possible to radically lower the biological demand for oxygen residual (BOD) and the 
chemical request oxygenates some (COD). Many authors agree to purify the waste milk by a biological 
treatment because the nature of the spill is largely biodegradable organic [5]. 
The economic performance makes it unsuitable for sectors such as stations activated sludge 
treatment, including investment costs and operation are prohibitive for small-scale sector. The need for 
processing solution including the case of legislative pressure [8]. 
In this case, the method most used is the physical-chemical coagulation-flocculation process where 
it is applied directly to raw water, thus it is, with oxidation, a process the most important sectors in water 
treatment [9]. 
On the other hand the National Industrial Gases Company (NIGC) produces acetylene from the 
reaction of calcium carbidewith water. This process leads necessarily to the parallel production of the 
lime in the form of lime milk. After decantation a part of the water in the milk of lime is recycled [10-12], 
and the lime sludge produced is discharged into the environment. 
Lime offers an economic and effective solution in the field of environmental protection, especially 
for the treatment of wastewater [13-16]. 
The objective of this study concerns the qualitative and quantitative characterization of the global 
dairy effluent and raw performance evaluation and limitations of its treatment by coagulation-
sedimentation with NIGC lime. 
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In this study we will participate in improving this process by developing an experimental 
methodology based on optimizing the factors influencing the process of treatment and also the 
effectiveness of treatment indicated by the concentration of pollutants in water treated. 
2. Wastewater treatment process  
The clarification is the set of operations permitting the removal of suspended (mineral and organic) and 
dissolved organic matter from raw water [17].
Depending on the concentrations of different pollutants, it may be necessary to perform operations 
increasingly complex ranging from simple filtration with or without reactive to the coagulation-
flocculation-settling or flotation-filtration. 
The coagulation is one of the most important steps in water treatment. The main difficulty is to 
determine the optimal amount of reagent to be injected according to the characteristics of the raw water. 
A faulty control of this process may cause a significant increase of operating costs and non-respect 
of the output quality objectives. This operation has also a great influence on subsequent operations such 
as decantation and filtration. However, effective control can reduce the costs of labor and reagents and 
improve the conformity of the quality of treated water. 
3. Coagulation-Flocculation 
The color and turbidity of water are due to the presence of particles of very small diameter: the colloids. 
Their elimination can not be based on the simple settling. In fact, their speed of sedimentation is 
extremely low. The time required to travel 1 m in free fall can be several years [17, 18]. 
The process of coagulation-flocculationaims to grow the colloidal particles by destabilization of 
suspended particlesthen the formation of flocs by adsorption and aggregation[19, 20]. The formed flocs 
willbe decanted and thereafter filtered. 
3.1. Coagulation using lime and magnesium salts 
The coagulation, with lime and analogous reagents, is based on types of reactions similar to that of the 
softening. When using lime CaO or Ca(OH)2, precipitates of CaCO3 (pH 8.3 to pH 9.6) and MgO (9.0 to 
11.5) are formed. When lime is added as a precipitant, the following reactions may occur [21]: 
    Ca(OH)2 + H2CO3                              CaCO3 + 2 H2O                                                               (1) 
    Ca(OH)2 + Ca(HCO3)2                   2 CaCO3 + 2 H2O                                                               (2) 
Colloidal particles can be trapped during the formation of these precipitates. The decantation of 
calcium carbonate can be facilitated by adding small amounts of aluminum sulfate or ferric chloride ( 10 
g/m3). When magnesium oxide co-precipitates, the addition of other coagulants is no longer necessary. 
Mg(HCO3)2    +  Ca(OH)2                  MgCO3 + CaCO3 +  H2O
+ CO2                               MgCO3 + Ca(OH)2                     CaCO3
+ H2O                               Mg(OH)2                         (3) 
                                                            CaCO3                                                      
                                                                                              + CO2                          
                                                                   Remove                                                MgO + H2O
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The zeta potential of CaCO3 is negative and that of MgO is positive, and this is true throughout the 
pH range in which they are found [22, 23]. The zeta potential of CaCO3, however, can develop into a 
positive value, by adding a sufficient amount of MgCl2. The Magnesium oxide is a coagulant more active 
than calcium carbonate and its adsorption capacity of organic is significant. A current enthusiasm occurs 
for coagulation using lime, especially for tertiary treatment of wastewater or a preparatory step for 
biological wastewater treatment of raw water [24]. 
The magnesium bicarbonate can be used as recyclable coagulant (3) [25]. The way of recycling 
Mg(HCO3)2 is more efficient than that of MgCO3. Its technical implementation involves a double 
precipitation of CaCO3 which precedes that of MgO. The secondary sludge is recycled. The separation of 
solvable MgCO3 is obtained by filtration [26, 27]. 
3.2. Coagulation of organic matter 
Most studies on the coagulation of organic matter are made from reconstituted water, mainly humic 
substances and mineral colloids (clays, silica, and aluminate). Organic matter is present in water under 
two forms, a particulate fraction that is included in the turbidity and a dissolved fraction. 
The presence of organic matter in water can inhibit the coagulation. Bernhardt et al have shown 
that during the coagulation, the organic matter, extracted from algae, can be adsorbed on the flocs, 
leading to an increase in negative charges, thus increases the repulsive forces in the solution [28]. 
Under colloidal form, the coagulation of organic matter is done in the same manner as that of 
turbidity. 
3. Materials and methods 
3.1. Characteristic of the NIGC lime  
Acetylene has a very important role in many industries, and also serves as fuel for oxyacetylene torches. 
Acetylene is produced from very common purely mineral materials. For the industrial manufacture of 
acetylene, we usually use calcium carbide, which reacts with water according to equation (5), with a 
release of a very large amount of heat [29-31]. 
One kg of carbide produces about 300 liters of crude acetylene, collected in specially constructed 
generators, under official supervision using an excess of water (minimum of 10 liters per Kg carbide) then 
it is used for lighting and welding [32]:  
                      3 C  +  CaO                              CaC2 + CO  - 112 kcal                                                        (4) 
                      CaC2 + 2 H2O                          C2H2 + Ca(OH)2  + 31 Kcal                                                (5) 
In addition to acetylene, from equation (5), we obtain as a by sub-product of considerable amounts 
of calcium hydroxide sludge, a volume sensibly equal to twice that of the fresh carbide. These sludge are 
pure white, gray-white or ash gray appearance, depending on the impurities resulting from the method of 
fabrication of the carbide [32]. 
The lime sludge collected at the exit of the acetylene generator is dried at a temperature of 105°C 
during 48 hours in a stove. After grinding or mashing and sifting or sieving, the milk of lime and the 
obtained powder were subjected to analysis in order to determine their physical and physicochemical 
characteristics. The results showed that:
The dry matter content of the milk of lime is in the range of 15.36%.The effective diameter DE and 
coefficient of uniformity CU of the particles are 70 µm and 1.57 respectively. The mean value of the size 
of lime particles is 100 µm. The residual lime offer a very good disponibility of Ca2+ and OH- ions 
Electric oven 
2500 °C 
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(chemical reactivity) and excellent speed of neutralization (chemical activity) of hydrochloric and sulfuric 
acid solutions at 0.1 N. 
The test of reactivity and analysis of sub-product of the fabrication of acetylene have shown that it 
is a hydrated lime of purity 67.03%. The milk of lime (of NIGC) offers a rapid sedimentation due to its 
granulométric distribution. The analysis of the powder of residual lime of NIGC was conducted in the 
central laboratory of SIDER (Annaba, Algeria). The composition of this product is shown in table 1. 
Table 1: Composition of NIGC lime 
CaO 
%
SiO2
%
MnO 
%
MgO 
%
Al2O3
%
Fe2O3
%
Residual 
CO2 % 
C
%
Fire loss 
1000°C % 
67.03 2.06   2.14 2.40 1.28 0.65 24.44 
Finally, the residual lime offers (presents) characteristics similar to those of the limes of good 
quality. These results incited us to examine the performances of ENGI lime for the treatment of urban 
wastewater.
3.2. Used Water and analysis methods 
The wastewater samples analyzed were collected from the municipal sewer system, receiving the effluent 
slag aggregate gross rejected, which is immediately out of the dairy unit studied. The main characteristics 
of wastewater sampled for these tests are presented in table 2. 
Table 2: Represent the average values of the various analyzed parameters of a dairy effluent: 
Parameter Minimum Mean Maximum standards  Algerian  
T                       °C 28 33 43 30 
pH                      - 2,3 8,6 12.8 5.5-8.5 
Conductivity   µS/cm 1138 1322 1619 - 
Turbidity        NTU 948 1466 1874 - 
LSS               mg/l 260 430 637 30 
COD               mg/l 1720 2520 2780 125 
BOD5              mg/l 824 1225 1340 30 
N-TKN           mg/l 92 183 227 40 
P-PT               mg/l 17 32 47 10 
As shown in table 3, the methods used for physicochemical measurements used in this study are 
essentially those described in the Afnor standards [33]. 
Table 3: Analytical Methods. 
Characteristics Analytical Methods standard 
Turbidity                (NTU) Néphélometric NF T90-033 
pH Eléctrochemical NF T90-008 
Conductivity          (µS/cm) Conductimétric NF T90-031 
LSS                        (mg/l) Gravimetric EN 872 :1996 
COD                       (mg/l) Spectrophotomètric NF T90-101 
BOD5                      (mg/l) Manometric NF EN:1899-2 
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Measurements of pH, conductivity and turbidity were made respectively using a pH meter Hanna 
Instruments, a conductivity meter and a turbidimeter Phywe Axe Model 18900 respectively. 
3.3. Experimental procedure of coagulation-flocculation 
The coagulation-flocculation experiments were conducted using a conventional flocculator Aqua Lytic 
brand. The main part of this assembly consists of four Stirring paddle. It takes four samples at a time. A 
speed range allowed us to adjust the stirring rods speed between 20 to 300 rpm. This device is designed 
especially for testing flocculation (jar-test) and formation of floc in the field of water treatment [34]. 
The sampled water is mixed, homogenized and then transferred into beakers of 500 ml. Lime is 
used in powder form without dissolution and without dilution. The introduction of lime is made just 
before the step of rapid agitation (coagulation).  
The clarification tests are made under the following conditions [35, 36]: 
o Rapid mixing (coagulation): 200 rpm during 3 minutes, 
o Slow Mixing (flocculation): 40 rpm during 25 minutes, 
o Decantation during 30 minutes. 
Decanted effluents are sampled and then characterized according to different parameters (see 
Table 3).
4. Results and discussion 
Table 2 shows the results of the main physical and chemical characteristics of the effluent total gross 
rejected by the dairy study. 
The recorded values for the parameters LSS, COD, BOD5, N-TKN and P-PT, as well as pH and 
temperature well above the values set by the standards of the Algerian project limits for liquid discharges. 
Indeed, the pH of the effluent analyzed varies greatly, sometimes with very acidic values (2.3) or very 
basic (12.8) in connection with the use of nitric acid or sodium hydroxide for cleaning. It is the same for 
the temperature sometimes reaches 43°C following the direct discharge of water from barometric 
condensers or cold.  
Analyzed the organic load, which is on average 2520 mgO2/l and COD 1225 mgO2/l for BOD5, is 
located in the same order of magnitude as that wastewater from the dairy "ORLAC" of Birkhadem in 
Algeria [37]. However, these values are very high compared to those found in France [37-39], ranging 
from 1500 to 2000 mg/l BOD5, from 2600 to 3500 mg/l for COD and approaching the results obtained by 
the Institute for Dairy Research in New Zealand [1, 40]. 
Note that the report DCO/DBO52, the higher the ratio is, the more organic matter in the rejection 
will be easily degraded by bacteria, so the treatment to be used is the biological treatment. But 
economically we have chosen the physicochemical treatment, there are reports that are greater than 2 (see 
table 2) [41, 42].  
So the objective of this work is to reduce concentrations of pollutants to the required standards 
using the process of coagulation-flocculation-decantation in order to reject the water in the receiving 
environment without destroying the wildlife or the recycling in the unit for other reasons. 
The results show that the progressive addition of lime resulted in increased pH of 7 to 12. On the 
other hand, the rate of reduction of LSS and phosphorus precipitation rate increases beyond pH 8 and the 
optimum is obtained at pH around 11 (Figures 1 and 3). Hence the need to adjust the pH of the water after 
liming to maintain a consistent value Algerian standards. We observe that the optimal pH range is located 
in an area completely as the basic reactions are performed softening pH to basic. The optimal zone is 
characterized by the isoelectric pH. 
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Fig. 1. pH evolution as a function of lime dose
Fig. 2. Turbidity elimination as a function of the lime dose 
Lime is a reagent used for a long time for softening, pH adjustment and treatment with excess of 
lime. Coagulation with lime based on the types of reactions similar to that of softening. When using 
slaked lime, CaCO3 precipitates at pH=8.45 to pH=9.6 and pH=9.0 MgO at pH=11.45 are formed. 
Colloidal particles can be trapped during the formation of these precipitates. 
The zeta potential of CaCO3 is negative and that of MgO is positive, this is true in any pH range in 
which or found. The zeta potential of CaCO3, however, can develop into a positive by adding a sufficient 
amount of MgCl2. So magnesium oxide is more active than the coagulant calcium bicarbonate and 
adsorption capacity of organic products is significant.  
The magnesium bicarbonate can be used as coagulant, the reaction of MgCO3 with lime is 
promoted to that of Mg(HCO3)2 with lime, because the speed of the first reaction is faster. 
Implementation technique involves a double precipitation of CaCO3 preceding that of MgO, but the 
magnesium bicarbonate is more profitable than the MgCO3 as shown in these reactions [18]: 
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Mg(HCO3)2 + Ca(OH)2          MgCO3 + CaCO3 + 2 H2O
                                                     + 
        Ca(OH)2           CaCO3 + Mg(OH)2          Mg + CaCO3 + H2O                (6) 
The various trials of treatment with coagulation-flocculation are part of a pretreatment effluent 
slag aggregate rejected by the dairy.  
The results of analysis of water treated with lime shown in Figure 3, shows that yields have come a 
clarification of organic materials for optimum dose of 4000 mg/l of lime at 49 and 54% for COD and 
BOD5 respectively, the low rate of reduction of COD, can be explained by the presence of the soluble 
fraction representing 1/3 of the total COD [9]. 
Fig. 3. LSS, COD, BOD5, TKN and PT elimination as a function of lime dose
Against and by the same optimal dose efficiency of lime is clear with LSS, P-PT which comes to 
rebates for clarification of 92 and 83%. The beneficial effect on total phosphorus removal by the lime 
resulting from the formation of calcium hydroxyapatite precipitate especially at high pH values (8-12) by 
the following reaction [7]: 
Ca(PO4H)2 + Ca(OH)2 Ca3(PO4)2 + 2 H2O            (7) 
5. Conclusion 
The study of the physicochemical characterization revealed that the effluent under study has two 
main features. The first wealth is readily biodegradable organic matter, nitrogen and phosphorus. Changes 
higher or lower temperature, pH and pollution load are the second characteristic.  
Trials of treatment with coagulation-sedimentation showed that the lime used would rid the effluent slag 
aggregate gross of its suspended matter and reduce the organic load, nitrogen and phosphorous. 
Reduction rates of 92 and 83% were obtained respectively for the LSS and the PT, which guarantees 
respect for Algerian standards in effect for these two parameters. Despite these results, this treatment is 
partial treatment that does little to eliminate organic pollution and nitrogen pollutant whose power is very 
high. To ensure a complete treatment, coagulation-sedimentation should be must be accompanied by a 
biological treatment that would reduce the pollution load up to and respect the values set by the Algerian 
project standards. 
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